Clinical and electrophysiological findings in six patients with locked-in syndrome are reported. Motor evoked potentials (MEPs) after magnetic stimulation of the motor cortex were absent in four patients, none of whom recovered clinically. In two patients, MEPs could be obtained from the severely paretic limbs and almost full motor recovery followed. Somatosensory evoked potentials were altered in four of the patients, and brainstem auditory evoked potentials were altered in two of four patients examined, showing a clinically unsuspected tegmental involvement. The EEG showed a predominance of reactive alpha activity in all patients, documenting a preserved consciousness. It is concluded that a multimodal electrophysiological approach, in addition to clinical assessment, can be helpful in diagnosing locked-in syndrome, estimating the extension of the underlying brainstem dysfunction, and predicting functional outcome.
of the disorder. [1] [2] [3] [4] [5] [6] [7] [8] The preserved consciousness can be ascertained by a normally reactive alpha rhythm in the EEG.9 Involvement of tegmental brainstem structures in locked-in syndrome is not uncommon and has been documented in several patients by means of somatosensory and evoked potentials (SEPs) and brainstem auditory evoked potentials (BAEPs) . 0 Conversely, dysfunction of the pyramidal tract has been shown electrophysiologically with the help of motor evoked potentials (MEPs) only once."I
The outcome of locked-in syndrome is generally poor. In a review of 139 cases, Patterson and Grabois7 reported a mortality of 67% in vascular and of 41% in nonvascular cases. Over the past years, however, patients with good recovery have been reported,3 stimulating a search for prognostic indicators. Because of the lack of knowledge about the diagnostic and prognostic value of a multimodal electrophysiological approach we decided to study six consecutive patients with locked-in syndrome by means of a systematic protocol including clinical assessment, EEG, SEPs, BAEPs, and MEPs.
Methods
Transcranial magnetic stimulation of the motor cortex and transcutaneous high voltage electrical stimulation of the cervical motor roots (for the upper limb muscles) were performed as described elsewhere. 12 For magnetic stimulation a specially designed powerful magnetic stimulator with a total capacitance of 800 pF and a total maximal charging energy of 2500 J was employed. A circular stimulating coil-mean diameter 8 cm and total inductance 30 ,uH-was centred over the vertex for the upper limb muscles and placed 2-4 cm anteriorly for the lower limb muscles with the current flowing anticlockwise as viewed from above (as conventionally defined) to excite the right sided muscles and vice versa. The MEPs were recorded from the abductor digiti minimi, biceps brachii, and tibialis anterior muscles of both sides from surface electrodes placed over the belly and tendon of the target muscles. Stimulus intensity was increased stepwise until reproducible responses were obtained, and three to four compound muscle action potentials (CMAPs) were recorded from each target muscle. Recordings were made with a four channel EMG device (Medelec sensor) with amplifier bandpass filters from 3 Electrophysiological studies in patients with locked-in syndrome evolved to a chronic locked-in syndrome. In the two patients with chronic locked-in syndrome MEPs could only be recorded a few months later in the presence of minimal motor recovery (fig 2) .
Discussion
Our findings suggest potential diagnostic and prognostic value for a multimodal electrophysiological approach in patients with locked-in syndrome.
In four of our six patients MEPs after magnetic stimulation of the motor cortex were abolished in the acute stage. All of them had had a pontine stroke with an unfavourable outcome: two of them died within a week, and two remained severely paretic evolving to a chronic locked-in syndrome. In the remaining two patients, who presented with lockedin syndrome after cardiac arrest and a pontomesencephalic stroke, normal or only slightly abnormal MEPs were obtained from the limbs despite nearly complete paralysis. Both of them had a favourable outcome with functionally satisfactory recovery of speech and motor functions. Thus the absence of MEPs confirmed the interruption of the pyramidal tract and heralded a poor outcome. Conversely, preservation of MEPs indicated at least partial structural integrity of corticospinal pathways and correctly suggested a potential for recovery. paresis may be due not only to an efferent deficit but also to an insufficient cortical motor arousal, which can be overcome by magnetic stimulation.
Four of our six patients were thought to have clinically normal sensory functions, as usually assumed in locked-in syndrome.7 BAEPs were, however, found to be altered in two of four patients and SEPs were altered in four of six patients examined. Similarly, Towle et al '1 reported abnormal SEPs in eight of nine patients. These findings accord with some necropsy studies, which documented a frequent and often clinically unsuspected tegmental involvement in locked-in syndrome.2 '0 Objective evidence of a disruption of afferent pathways in a tetraparetic patient without speech can be helpful for a correct topographic diagnosis, especially when brain CT is normal as in four of our six patients and brain MRI is not available. From a prognostic point of view, SEPs in locked-in syndrome seem less helpful than MEPs. In our experience, and in other reports,'0 11 normal SEPs can be followed by both a good or a bad functional recovery.
